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(54) {Title of Invention} Soundproofing heat-insulating material, its method of 

manufacture and method of use 

(57) {Summary} 

{Purpose} To obtain a soundproofing heat-insulating material that has 
excellent heat-insulating effects and soundproofing effects, and that can be 
installed very easily in narrow places. 

{Structure} Shape memory polyester sheets for surface sheets are glued 
together to fabricate a honeycomb-structure body 1 which is 3-cm thick, and this 
is heated to 120°C so that the shape memory material memorizes the honeycomb 
structure. Then, the honeycomb structure is compressed from above and below 
and folded while being heated to 70-90°C to provide a honeycomb-structure 
body I', which is then wrapped in an aluminum-laminated film 2. This is 
connected to a vacuum pump, evacuated and then sealed. The soundproofing 
heat-insulating material thus obtained is 1 cm or less in thickness, has a heat 
conductivity of 0.008 Kcal/mh°C, and has improved heat-insulating 
characteristics so that it is about 1.5 times as effective as conventional materials 
made from polyurethane foam. Also, it has improved soundproofing effects so 
as to be about 1.5 times as effective. In addition, the honeycomb-structure body 1' 
can be very easily installed in a 2.5-cm space inside the body of a refrigerator. 
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Specification 
{Scope of the Patent Claims} 

{Claim 1} Soundproofing heat-insulating material in which a honeycomb- 
structure body made of shape memory plastic is wrapped in airtight film and 
evacuated, then sealed airtight. 

{Claim 2} A soundproofing heat-insulating material as stated in claim 1 in 
which the shape memory plastic is shape memory polyester thin sheet. 

{Claim 3} A soundproofing heat-insulating material as stated in claim 1 in 
which the airtight film is aluminum-laminated film. 

{Claim 4} A method of manufacture of soundproofing heat-insulating 
material in which a honeycomb-structure body is fabricated using shape memory 
plastic sheets, and it is made to memorize the honeycomb structure of the 
aforementioned honeycomb-structure body, and the honeycomb structure of the 
aforementioned memorized honeycomb-structure body is folded, it is wrapped 
in airtight film and evacuated, then sealed. 

{Claim 5} A method of use of soundproofing heat-insulating material in 
which the honeycomb structure of a honeycomb-structure body fabricated using 
shape memory plastic sheets is memorized in advance, and the honeycomb 
structure of the aforementioned honeycomb-structure body is folded, it is 
wrapped in airtight film and evacuated, then sealed, and the heat-insulating 
material thus fabricated is installed in any place, and it is made to return to the 
shape of the initial honeycomb structure by heating. 

{Detailed Explanation of the Invention} 

{0001} 

{Industrial Field of Use} This invention pertains to a soundproofing heat- 
insulating material. In particular, it pertains to a soundproofing heat-insulating 
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material characterized in that a honeycomb-structure body fabricated of shape 
memory plastic is wrapped in airtight film and evacuated, then sealed airtight, 
and to its method of manufacture and method of use. 
{0002} 

{Prior Art} In the past, plastics were known whose various characteristics 
such as heat insulation, soundproofing, buoyancy, elasticity and lightness of 
weight were improved by making plastic into foam using mechanical means, 
reactive gas or foaming agents. Such plastic foams have been widely used as 
soundproofing materials, heat-insulating materials, construction materials, light- 
weight structural materials, packaging materials, insulating materials, cushion 
materials, vibration damping materials, footwear and so forth. 

{0003} 

{Problems the Invention is to Resolve} Recently it has become desirable to 
improve heat-insulating ability and soundproofing ability with as thin a shape as 
possible in order to save energy, save resources and save space. The best means 
of improving heat-insulating ability and soundproofing ability per unit thickness 
is to evacuate the inside of heat-insulating material. However, the generally- 
known method of individually evacuating the inside of consecutive air bubbles 
of plastic foam by a vacuum pump is inefficient. 

{0004} 

{Means for Resolving Problems} To resolve the aforementioned problem, the 
soundproofing heat-insulating material of this invention is a material in which a 
honeycomb-structure body fabricated of shape memory plastic is wrapped in 
airtight film and evacuated, then sealed airtight. 

{0005} In the aforementioned structure, it is desirable if the shape memory 
plastic is shape memory polyester thin sheets. Also, in the aforementioned 
structure, it is desirable if the airtight film is aluminum-laminated film. 
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{0006} A method of manufacture of the soundproofing heat-insulating 
material of this invention is one in which a honeycomb-structure body is 
fabricated using shape memory plastic sheets, and it is made to memorize the 
honeycomb structure of the aforementioned honeycomb-structure body, and the 
honeycomb structure of the aforementioned memorized honeycomb-structure 
body is folded, it is wrapped in airtight film and evacuated, then sealed. 

{0007} A method of use of the soundproofing heat-insulating material of this 
invention is one in which the honeycomb structure of a honeycomb-structure 
body fabricated using shape memory plastic sheets is memorized in advance, 
and the honeycomb structure of the aforementioned honeycomb-structure body 
is folded, it is wrapped in airtight film and evacuated, then sealed, and the heat- 
insulating material thus fabricated is installed in any place, and it is made to 
return to the shape of the initial honeycomb structure by heating. 

{0008} 

{Operation} By means of the aforementioned soundproofing heat-insulating 
material of this invention, a soundproofing heat-insulating material with 
excellent soundproofing effects and excellent heat-insulating effects can be 
achieved because a honeycomb-structure body fabricated of shape memory 
plastic is wrapped in airtight film and evacuated, and sealed airtight. 

{0009} Also, by means of the preferred structure of this invention in which the 
shape memory plastic is shape memory polyester thin sheets, a soundproofing 
heat-insulating material that can be installed very easily in narrow places and 
that has excellent heat insulation can be achieved. 

{0010} Also, by the preferred structure of this invention in which the airtight 
film is aluminum-laminated film, the heat insulation effect can be further 
increased because the heat radiation of the soundproofing heat-insulating 
material is small. 
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{0011} By the method of manufacture of the soundproofing heat-insulating 
material of this invention, the aforementioned soundproofing heat-insulating 
material can be manufactured efficiently. Also, by the method of use of the 
soundproofing heat-insulating material of this invention, installation of the heat- 
insulating material is very easy because the honeycomb structure of a 
honeycomb-structure body fabricated using shape memory plastic sheets is 
memorized in advance, and the honeycomb structure of the aforementioned 
honeycomb-structure body is folded, it is wrapped in airtight film and 
evacuated, then sealed, and the heat-insulating material thus fabricated is 
installed in any place, and it is made to return to the shape of the initial 
honeycomb structure by heating. 

{0012} 

{Implementation Examples} The method of manufacture of this invention 
includes a process in which a honeycomb-structure body is fabricated using 
shape memory plastic sheets, a process in which the honeycomb structure of the 
aforementioned honeycomb-structure body is memorized, a process in which the 
honeycomb structure of the aforementioned honeycomb-structure body is 
folded, and a process in which it is wrapped in airtight film and evacuated, then 
sealed. Also, it is characterized in that, when used, it is made to return to the 
shape of the initial honeycomb structure by heating. 

{0013} The shape memory plastic used in the soundproofing heat-insulating 
material of this invention can be polyester, transpolyisoprene, polynorbornene, 
styrene-butadiene copolymer, polyurethane and the like, but among these 
materials, shape memory polyester is preferred because it has excellent 
processability and heat insulation. In order to fabricate a honeycomb-structure 
body from shape memory plastic, it can be molded using injection molding, 
extrusion molding, blow molding and so forth, using general thermoplastic 
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polymer molding machines. In order to make the shape memory plastic 
memorize the honeycomb structure, after the honeycomb-structure body is 
molded, it is made to memorize the shape by performing a heating process for 
several minutes at 120-180°C using a hot blow dryer. While heating the shape 
memory plastic which has memorized the honeycomb structure to at least 50°C, 
preferably 70-90°C, it is deformed into any shape, and when it is cooled to room 
temperature while maintaining this state, it is solidified as is while deformed. 
When this deformed molded body is again heated to at least 50°C, it returns to 
the original honeycomb-structure body. Therefore, installation of the heat- 
insulating material becomes very easy because the shape memory plastic that has 
memorized a honeycomb structure can be returned to the initial shape of the 
honeycomb structure by heating after it is installed in any place as a heat- 
insulating material. 

{0014} The airtight film used in the soundproofing heat-insulating material of 
this invention preferably has a thickness of approximately 200-250 microns. This 
invention is explained with reference to the diagrams. 

{0015} Implementation Example 1 

First, a 3-cm-thick honeycomb-structure body 1 was fabricated by gluing 
together shape memory plastic for surface sheets (copolymer made of shape 
memory polyester sheets, aromatic polyester segments and aliphatic polyester 
segments made by Nippon Ester Co., with melting point of 250°C and glass 
transition point of 80°C). After that, this honeycomb-structure body 1 was made 
to memorize the honeycomb structure by heating to 120°C (figure 1 (a)). Then, 
the honeycomb structure was compressed from above and below and folded 
while being heated to 70-90°C. In addition, this folded honeycomb-structure 
body I' was wrapped in aluminum-laminated film 2 (thickness approximately 
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215 microns) made by laminating approximately 15-micr on-thick aluminum on 
polyester film, and it was connected to a vacuum pump, and sealed by 
evacuating to a degree of vacuum of less than 1 mHg (Figure 1 (b)). Also, as a 
comparison example, a honeycomb-structure body 1' was wrapped in polyester 
film (polyethylene terephthalate) approximately 200 microns thick, and it was 
similarly evacuated and sealed. 

{0016} The heat-insulating material created in this way had a thickness of less 
than 1 cm, and when the heat conductivity was measured, it was 0.008 
Kcal/mh°C, which is an improvement in the heat insulating characteristics of 
approximately 1.5 times compared to conventional polyurethane foam heat- 
insulating materials. Also, the soundproofing effect was also improved 1.5 
times. 

{0017} After that, it was installed in a space of 2.5 cm inside the body of a 
refrigerator, and then again heated to 70-90°C When this was done, it was 
returned to the shape of the compressed honeycomb-structure body, and the 
heat-insulating material expanded until it filled the space (figure 1 (c)). 

{0018} In this case, installation of the heat-insulating material that was less 
than 1 cm thick into a 2.5-cm space was very easy. Furthermore, the heat- 
insulating material whose shape was restored in this way returned on its own to 
a thickness of 2.5 cm, close to the original thickness of 3 cm, and when heat 
conductivity was measured, it was 0.004 Kcal/mh°C, which was an 
improvement in the heat insulation characteristics of about 2 times compared to 
conventional polyurethane foam. Also, the soundproofing effects were also 
improved about 2 times. On the other hand, the comparison example, which was 
sealed with polyester film alone, had somewhat poor heat insulation. Also, 
when the degree of vacuum was measured after one year of storage, the degree 
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of vacuum had greatly degraded. The degree of vacuum of this implementation 
example, which was sealed with aluminum-laminated film, had not degraded. 
{0019} 

{Effect of the Invention} As described above, by the method of this invention, 
installation of the heat-insulating material is very easy because the shape of the 
initial honeycomb structure is restored by heating after the heat-insulating 
material is installed in any place. Also, its heat insulation effects and 
soundproofing effects as a heat-insulating material can be improved because the 
spaces inside the aforementioned honeycomb structure are evacuated and sealed 
with airtight film. In addition, heat radiation can be reduced due to the fact that 
the airtight film surface is wrapped with metal thin sheet. 

{Brief Explanation of the Diagrams} 

{Figure 1} Cross-sectional diagram of process that schematically shows 
method of manufacture and method of use of an implementation example of this 
invention, (a) is an oblique diagram of the honeycomb-structure body that has 
memorized the shape, (b) is a cross-sectional diagram of the heat-insulating 
material in which the honeycomb structure has been folded and evacuated and 
sealed with aluminum-laminated film, (c) is a cross-sectional diagram of the 
installed state of the heat-insulating material which has been installed in the 
body of a refrigerator and then returned to the shape of the compressed 
honeycomb structure by heating. 

{Explanation of Code Numbers} 

1, V ... Shape memory honeycomb-structure body 

2 . . . Aluminum-laminated film 

3 ... Refrigerator 
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Key to figures 

Figure 1(b) Evacuation 
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